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The linear quadratic regulator (LQR) problem is a cornerstone of automatic control, and it has been
widely studied in the data-driven setting. In the first part of the talk, we show how to bridge different
problem formulations and propose a novel, direct, and regularized version of the LQR. We start from
indirect certainty-equivalence LQR, i.e., least-square identification of state-space matrices followed by a
nominal model-based design, formalized as a bi-level program. We show how to transform this problem
into a single- level, regularized, and direct data-driven control formulation, where the regularizer
accounts for the least-square data fitting criterion. For this novel formulation we carry out a robustness
and performance analysis in presence of noise. In the second part of the talk, we propose an adaptive
method to learn this solution. By adaptive, we mean an online method using closed-loop data, in a non
episodic fashion, and with recursive algorithmic implementation. Our approach is based on a covariance
parameterization of the direct, data-driven, and regularized LQR and an explicit calculation of the policy
gradient using a batch of persistently exciting data. We establish the global convergence of our method
via a projected gradient dominance property in presence of bounded noise. Finally, all our theoretical
results are validated with simulations and demonstrate the computational and sample efficiency of our
method.
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